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parent tf)) and lO-l as liie paternal paront. Iho msults oia very similar to that saan in tho 10-1 saf(dc| 
Photograph. 

(c) W36 Control and 10-1 xO- W3B as proviouel/ describad- 10-1 y p reprasanm 10-1 as Ihe maternal 
p^rant arKi W3B as the paternal parent (Oy. 'R)a rasults are vary similar Ip lliat soen in the 10-1 sollod 
photograph except ttiat }n this photo sagreoaijon of lha herbicide resistance trait can t>o soon In Ihe 10-1 
pnxjany, 

FiOiiro 3 llliistraiAS the atfoct of f^ur^uUA postomorflont appMcalion jn fol^acco seadNnQ Ofowth, as 
measured by plant height Cr represents ttia mean of the control {suscepttMa parent cultivar) plants, while 
each BubaaquanI \m raprassnts an indiwidual transgenic progBny. 

Ffgure 4 iUustrales Ihe efleci ci iho Imldazollnone hertiicidB Pursultii^ on AHA5 enzymes darivad from 
an E- ooji translormed wrth a Tfp574 deletion [DELJ. a Trp574 sutistitution (SuDj and an E- cDjj transtormed 
wilh vrild-type [WT| AHAS ^equance. 

Fjgure 5 lllustrales the effect of the sulfonylurea herbicida GleanA on AHAS enzymas qxtracfed from E< 
coll tranafDrmanlQ. At>tireviations as In Figure 4. 

Rgure 6 iUustrafes the affact of tha imidazollrione hert)lclde Pursuil» en AHAS enzymes extracted from 
E. coji transformants. Tlia enzymes ara derived from an E- colj transformed wilh a Sore53 detellon [DELJ. 
an E- coll transfonnQd with a Serosa euhstituNart [SuB]. and an E. coll transformad with a wild-type [WT] 
AHAS Sequence. 

Figure 7 lltustrates ihe effect of the sulfonylurea hert>icide Glean« on AHAfi enzymes extrapted from E- 
coli inuisfonnanlti. Abbreviations as In Figure 6. 

figure q Illustrates the effect of ttia imidazolimone hert^icidp Pursuit* on an AHAS enzyme dorivod from 
a tobacco plant wilh an Agrobacterium strain containing a mutant Arabidopsls AHAS allolo having the 
TrpB74 dalelion- 

P^AfU^P PE^HIimON OF TWE INVENTION 

Ttie entire nucjaotide sequence of lha AHAS gene in a number of organisms including yeast, E. co|j. 
Brassi ca, Arabidopsis . sugar beet and tobacco has been previously disclosed (Mazur at al.. supra , t-ae ef 
a|.p EMBQ J. 7:1241. 1086). Moreover, jt has t»en noted tf>at herbicide resistanoe is asscxiiated with one or 
3p moro nrtulallons wJlhin lha AHA3 sequence; spocltically, resistance has t)oon noted to t>o associated wilh 
certain spealic amino acid sutistftutions within ihe sequenco. (EP 25Q 793; Yadav et al. PWAS USA 
^:44tfr-22. 1800; Sathasjvan at al.. Nuct. Acids res. IB: 2100, 1990). It has, however* been implied <Harineit 
el aL. in Managing Resistance To Agrlchemicals. Ch. 31, pp. 459-473, American Chemical Society, 1900; 
EP 2i\B 793) that these regions of consarvaijoo in which mutations conferring reslsianco occur must 
Q6 generally be maintained to conserve enzymatic function. 

It fus now been unexpectedly discovared that consorvallon of Ihe^e sequences is apparsnfly not 
essaniial to the catalytic function of the molecule. In the cxwrso of development of the present inventlan» 
silo diirocied aiulasonosts of the Arabidopsis AHAS coding region is utilized to croate deletion mutations In 
which a residue which has previously been shown to be substituiablo is ihon delated from the sequence. 
40 DefeUon of a reslduexfaarly destroys the conservod nature of ttte regions in which they occur. Nonathelesff, 
Iho dcileiion miiiarione thus creaiod all retain AHAS function, while also extubltlno herbicide rBststanceu 
Specifttcagy, single defettons ol the Trp574, Pro107 and Ser653 residues and double deletions of ProiB7 
arul SOffiSd are rnado to croate fully functional, tierbiclde resietant plants. All the numtienng of amino acids 
herein Is based on the Arabidopsis AHAS sequence. However, it will be understood that, thn^ughoul the 
45 specifipaUon and clainrts, roforonce io a epoclflc elio of defeUan In the AratJidopsis sequence Is meant to 
encompass itie corresponding sites in the AHAS saquance of any oilier species t^fr^ an AHA& gene. 

In view of ihese data, it Isecomes apparent that consenralion of those hertdcdde-reslstanca associated 
region!^ of ilie AHAS molecule Is not critical for catalytic actiwliy. and that one or more amtino acid deletions 
in one or more "consented" amino acid sequences can easily be loleraled by lha enzym and further, will 
60 confor horblddo reststanca la ihe plant The present Invanlion encompasses AHAS DHA sequences In 
which one or more delations have been made relative to the wild-type sequence, which de|etlon& do not 
after tlie caialyilc function of the resufting AflAd enzyme, but which confer herbicida raelstanca. Sucti 
deletion mutation Includo. but are not limited Io. deletion of one or more codons, encoding the stw^alled 
"oonsen/ed subsec^oncos' as defined in EP Z57 7B3, These are PNA sequencos encodbig amino adds 
65 1 10-122, 104-107, 201nm 25W57. 340-353. 373-377, and 560-578 in Arabfdopsis AHAS. Additionally. 0 
further "conserved sequence* In which substitution has been descnT^ed and In which delation Is usehil in 
bringing about herbidde resistance, is 050-053. Deletion of ona codon. more than one codon, and up to all 
ttie co<]pns in tt>e "sutisoquancM" noted at)ove» is constdored within ltw> of the invwilion. Preterred 
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m codon daleijons ancoctino mut$nta having a doletion of at laast ond t^iduo posifoo selected frpm Iho 
Oroup consisting of amino add 120, 121, 187. 205, zse, 351. 376. 571. 574, STB and 65a. Partfcufaily 
prtirpired ara «equBnco& sncxiding deletions at 197, 574 or 653. 

AtmauQh Uio abotffrldentifiod deleUons represenl regions in whiPh varfatfon Is known lo bo |o|o<a|ed, it 

5 is Ijtoly. In view of iho substanllaf "llexibllity- ol ttia molecule that o^her de|ptiofi3 would also be feasible. 
Far example* other apparently "cDnsBrved' regions of the AHAS enscyma also exist in addilion to those 
QuiKned above. While not wishing lo be bound by any partictjlar theory, it now appears likoly liial, ralher 
Uufo belna Bites connected wiih catalytic activity ot tho molecule, and (hereroro requlrtng essential stmcturol 
cofiservaiion, most of these conserved regions represent binding sites for the herbkrida. [leleiion ol one or 

w mt)TQ arnlno adds at those siias would than fogically provoni hertsjcicfq bindlnq. and consequently, prevent 
herbicide Inlerlerenca with AHAS activity. Using this rationale, the available knowledge regardino 
"conserved" AHAS sequencea (See, a^., Mazur at al.. Plant Pfiyfiioj. B5: 1110-1117, 1087] and known 
IdchniquQS, such as site-specjfic mukaganesis. it would be a routine mat^r to design additional delolion 
muilants likely to have hertfcide resistance, putative mutants can then be scroened by growth in the 

76 presence of Inliibilory amounts of the herbicide of interest, to determine whether or not bed^da reaislance 
ha:: boon conferred. 

As with an proiains, the functkinal AHAS enzyme possessos a ihrea^monsional etructure which is the 
ovi^ual result of ttio snoar anrangemam of the componaol amif^o acids. Intaraction of the sWo groups of 
amino acids produces a protein's secondary stniciura. and lurtfior fotding r^lts in a protein's tertiary 

^ structure. A given proiofn's apecjfjc -archflacture'* which ullimateiy results from the amino acM sequence 
cari be critical to Iho protein's function. Thus, the subsiituiion of an amino actd retains the overall structural 
Integrity ot ma protein, wheroas the deletion or an amirK) add effectivaly destroys title structural iniogriiy 
anc| can be expected to significanlly alter the protein's three-dimensional struchjra and, kl doing so. alter 
Iho furnnksn of the molecule. Tharatore. in view of the potential damage that can be cau^ by a deleNon, 11 

2s \s particularly eurprlfiing that ttie resultant molecule retains sufficiont portions of ns three dimensional 
sinK^ure la remain not only catatyiically tunctional, but ai&o to cause hert^Icide resistance. 

Those skilled in iho art will recognize that the dakition mutants of the present invention ana not limited 
as to the source of tho DNA or enzyme. Although Itio present experimental design primarily utilizes ihp 
Arahldopais AHA3 gene sequence, similar mutations can routinely be made in the AHAS sequaoca ol any 

.10 organism posfiessang such a gone, e.g. other higher plants, yeast, E. coji, and other microonaanisms. The 
fiimilaritlea in tha wikt-type AHAS gene among all the known sequances are so great as to render it a matler 
of routine exparimentahon to craate identical mutants in AHAS sequence^ other thw) that of Arabidopsis- 
AltQirnatoty, chimaertc genes can be constructed which contain Itie delation mutaot portion of the Ar- 
abitlo psis AHAS gene recomtsinetj with unallerad portions of itte AHAS gene from other sources. ~ 

:1s th& novol oem types described herein may confer rasistanoe to one, or more than one, type of 
hsrliickfo. As has already been weU established. AHAS Is the site of action of several distinct classes of 
hamk^des, namely, imktazoknones, sullonylureas. trla^olopydmkilnes. sulfamoykireas and &u|fonylcartnx- 
amides. As with hofbicide resistance oonfened by amino acid substrtutkvi, tho herbicide resistance 
conferred by such mutations may be selective to a particular horblcklfi. or there may be cross-naslstance to 

4Q more than one tiertiicade. For exampla. deletions of TrpCT4 and &or6S3 create cms^-rmstancfi lo both 
imidazolinones and sutfonykiraas- One skilled in the art can. however, easily determine the specificity of any 
partk:ular mutant acreening separately in the presonco ot. e^g.. imidazolinones only, or suironylureafi 
onty, and jsolailng survivinp plants, doss re^jstanca can b& determined by gmwth in the presanoa of more 
thar) ono class of horblckle. Types of herbicides wrlh whksh the present Invpntnn is useful m described, for 

4S OKampIo, in U.S. Patent No. 4.lBa.4B7; 4.20l,565; 4,221.586; 4J^S7,^^; 4.5&4,013: 4.60e,07&: 4338.068; 
4.0^7^01: 4,650.514; 4.e0a.0d% 4.7D1,;dOe^ 4.709,036: 4.752,323; 4.772.311; and 4,788,610: U.S, Pat 
4,127.405; 4,435,206; 4.424,703; 4.417,017; 4.398.038: 4.304.505; 4.301^7; 4.303,113; 4478,001; 
4.372.778: 4.371.301; 4.370,400; 4.370,470; 4.360.320 (sulfonylureas). 

At this time. AHAS has been damonstrated to be not only present in a wide vadety of plants, but has 

6o also bean shown to be a cdtical siie daiermlning hartsicido sonshMty in a broad range of essandafly 
wirelated plants. ft.Q. com. Prassjca . tobacco, liax. Arabidops ls. and fiogar beet (Stougaard et aU Mol. Gen. 
Ganet 210: 413-420. 1000: Jordan & McHughen. J. Plant Phyao l- 131: 333-330. loaTi McHughen. Plant 
Cell Ftopoftaj : 44&44a. 1809). As noted above, than, it Is posstbfb to craate tlie r^evant mutaUon directly 
in Uia plant ot interest by known mutagenic techniques. fSea. for axampio, lAanlatis, at. aj.. Molecular 
Ctoning. A Laboratory k4anual, Cofd Spring Hartxir Laboratory. 1002; end Exampla If, infm)- However* it will. 
freqiMenlly bo more convenient k> create hansfonned plants with a known and isolated DMA sequence' 
compfiHng the roquisils dolotions. such as lha Arabhtopste deletkMi mutants descrit>ed in the present case. 
PlafimMa containing deletion mutants at positiona E74 and 653 have t»en cfeposited wHh the American 
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Type Culture Collection. Rockville. MD. on Decemlwr 6, 1d90 as. rospectivfihr, accession numbers ATCC 

homofi AHAS PNA saqusncfis o( U|0 present invenlion are usbM to translorm tergor crop plants, and 
thereby ornfer lierblcfdo roslstance wittiofn the nocosslty for rmiiaoond^i?. A broad rango of lachniquas 
6 currontly exist for aPhlovJno dlrod or Indirect transformation of higher plants wfth exogenous DMA, and any 
memixi by which the novel eequence can bo incorporaiad Into the host flenome, and stabfy Inherited by its 
progeny. Is contomplalod by the present invention: A detailed description of one sucti method is provided in 
the following OKamplas- 

(r^direqt tranTformalion of plant cells can be achieved by the use of vectors. A common method of 
10 achieving transfonnation Is the use of AQfotwcterlum lumefacteng to tntroduco a foreion gene into the target 
plant cell. For e^cample, in the present case, the mufant AHAS sequence is inserted Into a ptasmid vector 
containing the fianlenQ sequences rn the Ti-plaanid T-DNA. The plasmid is ihen iransformed into E, coii. a 
triperontal mating among this strain, an Agrot^acterium strein containing a disarmed Tl-plasmld contelning 
Bie virulence ftinctions needed to effect transfer of ihe AHAS containing T-ONA sequences Into the faroef 

IP plant chromosome, and a second E. «li strain containing a plamid having sequences ' necessary to 
motJiH^e uansfer of the AHAS construct from E. rail to Agrobactertum is carrted out. A i^combinant 
j^obactarfum strain, oontainlna the necessary sequences for plant transformation Is used to infect loaf 
tfccfi- Wscfi are grown on selection media and Buccesslully transformed regaoeranis At& identified. Tt>e 
rocovorod plants are resistant to the effects of herbicide when grown in its presence. Other plant vectors. 

so such »s plant viruses, also provide a possible means for transfer of exogenous DN A^ 

PIrect fransfonnaiicn of plant cells, instead of the use of vectors, can also Iw employed. Typically, 
protoplasts of ihe target plant are plaood in culture in the presence of the DNA io be transfon«d. and an 
agent which pmrnotes the uptake of PNA by protoplast is absortnd on their surfaces. Useful agents In this 
regan:! are polyathylerte glycol or calcium phosphafp. 

as AiiematFveiy. DNA upiaKo can be s&muraied by eiectmporotion. In this method, an eloctrlcai pulse is 
used (o open tomporary pores In a protoplast cell membrane, and DNA in the surrounding solution is then 
drawn Into iho coll through iho pores, SImilarJy, mfcroinjection can be employed to dolivar iho DNA directly 
into a cell, and preferably directly Into ttie nucleus ol the call. 

in each of the forego'ino lechniquee, transformation occurs in a plant cell in culture. Subsequonl to Uie 

30 IransfcirmaUon event, plant colls must bo rogenerated to whole plants. Techniques for the regenoralion of 
mature plants from callus or proioplasi culture are now weif known lor a large number of different species 
(see. e.g„ Handbook of Plant Cell Cullure . Vols- V5, laaa-lllBa McMillan. N.Y.) Thus, once transformaiion 
has tMieti achieved. It Is wiihin the knowledge in the art Io regenerate mature plants (rom the transformed 
plant Cells. 

^ Alijemaie methods are also now available which do not necessarily require the use of isolated calls, and 
therefore, regeneraiive techniques, to achieve uarvsformation. These are generafly refered to as '*twNlstlG'* 
or 'particle acceteraiion" maihods. In whk^ DNA coated metal particlBs are propeVed into plant celts by 
either a gunpowtfor charge (Klein et al., N^ro 327: 70-73. IQflT) or electrical discharge (f=pO 270 356). In 
Uus manner, plant cells In culture or plant refvoduciive organs or cells, o.g. pollen, can be stably 
transformed with the DNA sequence of interest. 

The present invention can be applied Io transformation of virtually any type of plant, both monocoi and 
dicot Among the crop plants for which transformation lo herticidB resistance is contemplated are com, 
wheat, rice, millet, oat badoy. sorghum, alfalfa, sugar beet. Brassica species, tomato, pepper, soybean, 
tobacco, melonp s<^ash. potato, peanut, pea. cotton, or cacao. The novel sequences may also be used to 

45 transform omannental species, such as rose, and woody fifMcles, such as pine. 

The novel sequences of the Invention also is useful as selectable maiVers in i:4ant genetics studies- For 
example^ in plant tFansformatfon, sequences encoding herbiddB resistance could be linked to a gano of 
interest which is to be used to transtomi a target herbicide - sensltivB plant ceii. The construct comprisfng 
both ttie gena of interest and the herbicide resistant sequence are tnhoduced Into tlie plant call, and the 

60 plant <^ll& are ihon grown in the presence of an inhibitory amount of the herbiddo. Plant cells surviving 
such (reatment presumably have acquired the resistance gene as well as the gene of Inlatast. and 
therefona. putative transforvnanis are readily identifiat>le. 

The mvention is further illustrated by the following non-fimiting examples. 

6& EXAMptE I 

fsfliatton of a Genomic Ctona Encoging Arabtdopsis ahaS 
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A 2.110) Ecofti fragmonl oficompassinfl Wia promolor. iransft pepUde and a ^tllan oi m mature coding 
rofiion ol Arabjdopsis AHAS is aap-|a^nacj t>y nick iranstetion (Manialls ej ^t, Molacular Cloning: A 
Uttoratofy Manual. &)ld Spiing Hartw Ubofaiory. CoW Spring Harbor. N-Y., 1BB2) and utilized as a 
hybriifizatiDn probe to screen a Qoivomlc library prepared from AraMdopsjs ihaiiana gafiomic DMA 

fi (CUHltech, Pa!o Alto. CA). "n>o fillers are hybridwod for 24 hr. at 42°C In txS&C, B x Denhardrs solutiDn. 
SOinlwt sodium phosphate. pH7.2. 0.1% SP3 and lOOug^l o( denatured salmdn sperm PNA- f^IHerB are 
wa$tied savaral times ar BO*C jn IkSSC and 0.1%SDS. Six recombinant bacieriophapa (Aa2, A31, A42. 
A5Z A72, AB3) were claBsified as putative posmves. Tbese bacteriophage are plaque purified and infocted 
ai liiw muIUplicity wrth the E-coti strain Ka02 in liquid NZY broth (N2CVM is 10 o NZ amine, s g NaC|, 5 p 

w yeael exlratrf, 1 g caisamino acids. 2 q MgQCU-rh^O end lOmI of 1M Tris-Hd. pH7^) as describod by 
ManiaUs, et a), 3«pra. Uqwid cultures are incubated ovemigbl with constani ehakino (300 rpm) at ST^'G The 
SOmI suapenaiafTisbroughl (o IM NaCt and 6% PEQ by thd addition of solid NaCi and solid polyelhyteno 
glycol TT\e susponsioo Is tncubaled overnight at A^C to precipitate the bacteriophaao- Ttie bacteriophage 
are pelleted via certlrifugatjon at 18^ x g for 20min. Tbe pefiet is rosuepondod In 2ml of m buffer 

IP (lOrnM iris-HCI. pH 7.5; lOmM MgCia), layered upon a CsCi step gradidnt (4.0M C3C1. 4.0M CaCl and 
3-2M CsCO and cenlrifupad at 50,000 m g fof 1 hr In a SWPO swinging bucliel rotor. "R>e phage band la 
removed Irom the 4.0/32M CaCI inlBrface ie a l^nftl Eppondocf tube and the bacteriophage lyaed by 
addiina 1 valumo of fomnamlda and Incubating or room tempofehire for 30 mlnules. DhiA \s recovorod by 
bringing the solution lo 10m MTria-HCl, pH M and imM Nai- EDTA and precipitaiing m PNA via iho 

20 addition off 2 volumos of 100% etbanot. 0actariophaoo PNA is recovered via centdfugation. washed with 
70% eihanol and resuspended In TE buHar (TE buffer is lOmM Tris-HCl. pH 7.5; ImM Na2-E0TA). Tbo 
puntiod PNA is roMtlnely eKtraded one to several timoe with phono|xhloraKKm:i5oamyl alcohol (2-1:24:1). 
eihariol procipitetad* and resiispendod »n SO-iOOul of TE buffer prior to digestion with various restriction 

as PNA preparations from the six recombinant phaqe are digested with various restriction onzymee and 
resQivod by eloctrophoroais through a T% agarose gal. Tbe ONA \s Iransforrod to nitroceriulosB (Souihorn) 
and hybridi^ced {24 hr. at ecrc in 2kSSC, 5 x Oenhardl's solufioo^ 60mM sodium phosphate, pH7.2, 0.1% 
SP3 and lOOug/ml of denatured salmon sperm DNA) against a radiolabeled 000 bp Ncol/EcoRI tragmenl 
representing the 3* region of the 2,1Kb EcoRt ffagmenl (the transit peptide and the 5V portion of the mature 

ao codi^tg region). Tlie tillar is washed twice at 65«C in O.SkSSC end 0.1%6DS. The aoo t>p fMcol/Ecofll 
fragmont hybridizes to a IS-SKb Xbai and 2.1 EcoRl fragment of both A42 and A52. Tbesa data are in 
agreement with published information concerning the cloning and ch8racteri^alion of Iha gonomic sequence 
oncoding Aiabidopsia aHAS (utezur gt at., Plant Prwgjol, B&: 1110-1117. 1QB7)- 

The tkictmopliciQB A52 is chosen tor further analysis. Tlie 5.5 Kb Xbal frogmont of A52 is isoiatod from 

;i5 a 1% agarose gel and purified Ihrough an IBI electroeluUon device as suggasled by the manufacturer. Tlie 
5.5KI) >a5a1 fragmonl Is ellianol prodpitalod and resuspended In ddHaO. Tbase fragmonis are ligated to 
Xbal digofftod-pSK(-) plasmid PNA (punrhasad from Str?4»0Pne. Ua Jolla, CA). Tbo fragments are ligated for 
16-24 houra ^ 14^C in a 20ul volume as described by Maniatis, ot al„ supra . Following incubaiwi. iho 20u| 
reaction volume Is diluted 10 lOOul with lOOmM Tris-HCi, pH7^ Twenty five u| of this sample is diluted 

4a furth-w to 100 Ml with lOOmM Tris-HCl. pH7.2 and incubated wilh IDOul of compolsnt HB101 cells 
Ipropared exactfy as described by Mon-lson (Math. Enzymol- B»: 328 - 331. 19TO)]. Tbe ptasmid/E- coli 
transformation mhc 1$ incubated on ice for 20 minutes; trwtened to ^2^ for 2 minutes; room temperattiro 
lor IQ minutes: foltowed immediately by the addilkm of 1 ml o* LP broth a« broth Is 10 g bacto^rypfono: 5 
g yepst extract: ft g NaCl and 10 ml 1 Tris-HCl, pH 7-2 per Rter) and further IncubaBon at 37*C fof 20 

45 minutes. PNA pjasmid cloning vehicles used In this woric carry either the gane conferring resistanco to 
ampiclirin or kanamycin- Tberelore. 200 ul of each Uansformaiion mix Ic plated dirodly onto either IB^ or 
{Bt^ plates (100 ug/OI of olihor respective anlibiotic) and incubated at 37^ for 12-20 hr. dopanding on 
co|or)y size. 

CokmieB are trenafarred to 3ml of IB^ or LB^an and incubated ovarnight at 37*0 with constant 
so shaking- Small sca)e plasmid PNA preparations we prepared by minor modifications of the alkaHno |y«is 
method cfescribod by Manlatls. el at, supra , ftoutinely. 400 ul of tl>o 3ml overnight culhire is pellelad In a 
1 Bm| Eppondorf tube and resuspended In ISO ul of GTE aoMtian (QTE solulion is SftmM oMcoso; 25mM 
TriH iCl. pH ao and lOmM Na2-EPTA) and incubaiod on Ice for 20 minutes, followed by Iho addiUon of 
300 ul aiKaline^Sf^ solulion and 200 ul ol 6M K*;3Ii* OAc at the prescribed time intervals, Ttio final DNA 
es pellM is resuspended in 40ul ot SQubAiI RNAao A in TE bwlfor. Rfloen uf of plasmid ONA is removed (or 
restriction digestion. Two plasmids. pAC30t (5'->3') and pAC3(|2 (3'-'>S'), reprosent consfrudians contain- 
ing Uie 5.5ICb Xbal ffagmenl ligatad to ih© Xbal site of pSK(+ Further restrictJon analysis off pACaOl^ and 
pAC3Q2 confimt the presence of the promoiar region* tiwisil pepUde, mature cotfing region and 3'non- 
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tmnsjated reoions ot Iho genomic sequanco encoding Arabidopsis AHAS (Ma^tir di a|., Su^ra). 



P(AMPL£II 

6 OliQonuclBoHilfl site dlfactad mutagenogig of ttie Arabfctopsla AHA8 coding region 

(q) Preparation of slnnle stranded iemplato of pAC301 - Tlia ptasmid pACaOl is fransformod Into 
lh& ^. toll Mraln, XL-1 (Siratagdnd). Single strand^ tompfato of pAC3Q1 Is genorstod from this p8K(-) 
'phagemld" t^asod construction tiy fof lowing tfie manufacturars protocol. RouiinQfy, a 3m| &B|,mp ovemiohl 

w GMlturo is «dded to q starile flasic confaining 50ml of SOomp (S3 is 35 g bacto-tryplono, 20 g yoasr oklrad. 5 
g NaOl and 10 ml of 1M Tris-HCI. pH 7J5 per lilar) wl inciibaiad at 37**C wiiti constant shaking (300 rpm) 
tmlil thA culture roactted an OP600 of 0.3. Ai this point lha culturs Is inoculated wiiti the tialper phage, n40o 
(f X lO^'^ phage) and vfQoraus 10° shaking at 300 rpm at ar'C was continued ovamioht. Tlia bacteria are 
pelteiwd via canlrlfuQalion at 10,000 x g for 10 mimites. The bactadai pellet H discarded and lha 

iR supernatant (approyimaiely 45 ml> oontalnino the single tftranded pAC30i lemplaia is stored at 4^ until 
uso, Tbo supernatant is routinoly used for up to one month for single stranded phagemld preparations. 
Small scale praparaifans (l^ml) of single stranded pAC30l phagemid DNA are prepared essentially us 
descnjbod by the manufacturer (Stratagono). Tbo phage am precipitated by adding 300 ul of a 3-5M NH»Ac. 
pH 7.5; 20% PEG solution, lha solutfon is mixed welt In a 1.5 mi Eppendorf tultm and incubated m room 

jfO tsmpciratura lor 20 minutes. The aingie stranded phaga ara pellalad by centntugatian for 20 minutes in an 
Eppendod microcentrifuge. Ttie supernatant is decanted. Ifie pellet dried and evoniualty resuspended In 
300 ut of TB buffer. Tbe phage are lysed by adding 200 ul of pf>eno|:chlorofoiim:teoamyl alcohol (24:2^:1) 
and vodsxinQ lor 1 minute. Tills step is repeated once more and followed by two more oxiractions wHh 
chloroform:isoamyl alcohol (24;1). Tlie Tmal aqueous phase is ethanol precipitated (ono-tontt) volurne 5M 

£s K*/3M0AC and two volumes of 100% ethanol). washed with 70% ethanol, resuspended in 20ui of IE buffer 
and trtinsfenred to a fresh 1.5ml Eppendod tube. 

(c) Preparation of the oligonucleotide - Alf oligonucleolides aro purchased from Now England 
eiolabs. Oligonucleotides are utilized to introduce (1) an anrkino acid siibstltuUor^ at the Trp574 residue of the 
Argbic|Qp3[3 AttAS coding region fTrp -> teu) and (S) an amrno acid dololion at ttie Trp^4 amino acid 

30 residue. 

Trp574 — > Lou aiibatltutlona 

V H 0 W B D » 
wiXd type S'-OTT ATQ Cjg^ too QKh OKT 

V N g t e 0 It 

iDUt&nt 5'-0TT ATQ CAK TTQ GA^ GAT COG-a ' (2X-lior> 

Ti:p574 aslBtioit 

V K g W fi P R 

46 wild type 5'-GTT atg caa tog qAa oat C0Q^2' 

V M g e D K 

mutant 5 '-a QTT ATG CAA GAA OAT CGC- 3' 

so 

Tvro liundred nanograms of each oligonuclaotjda is subjactad lo a kinase exchange reaction pnor lo 
hybridization to pACSOl single stranded lemplala. A 40 ul reaction volume Included SOmM Trfs-HCI. ptt7^; 
lOmM MgCI2, ^mM OTT. 0-lmM vparmidina and o.imM Na2-EDTA- The roacUon is iniUatod via tho 
GS addition of tO units of T4 potynudeotide kinase (Pharmacia) and is incubated at 37^^ for 30 minutes. The 
roaction is lerminatad t>y bringing the reaction mixture to OO^C for 3 m'mutes. One-half of (he kinase reaction 
is added to the anllra 20 ut pAC30l aingia stranded prep and ia Incubaied at for 10 minutes to 
promote hybridization- To Ihfs 40 uf Wnasa/bltoonucloolide mix h add«d 6 ul of ImM dNTPs^ e ul of 10 k 

a 
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llga^ buffer (600roM Tiis-HCI, pH7.S; 70 mM MflCIa and IQmM OTT>. 2 ul iQmM rATP, B unirs of Klenow 
DNA polymerase (Pharmacia). B units of DNA liQase (Strataoeno) and 4u\ ddHzO. The polymarasa/Iiaation 
rda4.iian fs IncubaM at room temporalura for 3 hr. Ona-tialf of the mix Is used to transform comperent E. 
coli XL-1 colls. The transformallon mht Is sproafl to IB^p plalas and incubated ovemlQht al 37**0, 

s Transfomiantd are resireakecf to frash plates in a grid fasEhion, polony screonlng by hybrfdization was 
perlonned exactly bb described by SirataQone Technical Service (June laaa/pBsn Exo/Muno Bean DNA 
Set^usnping System). Both ollgonucleoiidas are ^P-^abflled by a kina&o oxchange reaction (300 ng of 
oliopnudooffde In the presence of AO of m^p^ATP utinzlna kinase conditions described previaualy). 
Unincorporaied ^P-ATP is rBmoved by eractrophoresing the Unase roacllon throuali a 2^ ocrytamide//M 

in iire£i qqI Hie radioacilve band corresponding to Iho 21-mer oligonucleotide Is cut nut of the gel with a razor 
bjat^e and eluted either by (1) the crush and soak method of Maxam and Gilbert (PNAS USA 74: 560-566. 
ifiro Of i?) siectroBlution through an IBI eledroeluh'on device. Jhe purified. radiolabeM oliganucleoffdes 
are hybridized fa the nilmcalluio&e colony lifts under non-sirinQent hybridization condilions (37"C for 24 hfs. 
in GirSSC. s )c Denhardra, SOmM Na-P, phl7^ and 500 UQfu] of calf thymus DMA), nileis wb washed onca 

15 al noom famperaiura in flxSSC and 50 mM Na-P. pH 7^ and again at 3r*C in fixSSC and SOmM Na^P. pH 
7.2. f^nalty, the fillers are washed twice at 60^c for 15 mmuto iniorvals In 3M teifamethylammonlum 
chlor»d(», SOmM Trls-HCl. ph 7.5, 2mM Na^-EDTA and I mgAnl of SDS. A 2i-mor ollgonuclaoilde with a 
parfi3Ct base io base hybridization match (i^^ nwitant oligo to nMitam phagemid) is not washed froo of lf>e 
phagoniid DNA at GCTC, whereas a stight mismalch fi.e.. mutant ofeo to wild typo phogemid) is washed 

2a tree. Putative positivos aro stroakod from iho oriolnal t,B^p plate to a fresh LB*mp plate. Tan transfonnanta 
fron^ each r^reakod putative positive aro then roslreaked In a grid i>atlem and the cofony hybndization is 
repeated. Secondary positives aro than conlirmod via DNA sequence analysis through the Trp574 coding 
region. (Sanger at at. PNAS VSA 74: &I63-5467. 1977). Two positive mutants, pAC321 (711*574 Ijbu 
sub£;rinitM)n) and pAC325 (Trp574 dotation) w&ra selected for further analysis. 

25 

EXAMPLE III 

Agrobacterjurn Mediated Transformation of Tobacco 

30 (a) Construction or vectors - Both vectors and the Agrobacterium strain are purchased from 
Cfontech. The plasmid pDINIfi is an E. coii/AgfobadBrium binary shuttte vocior that possassea tMth the lett 
find right border fiequences of the H-plasmid T-DNA, a poffyiinker. an RK2 baciteriat origin of replication 
functlonat In both E. coli and Agrobacterium . and a gene conferring resistance to kanamydn (Devan, Nucf. 
Acidf Res. 12; 0711-0721. 1004) The plasmids pAC324 and pAC325 are digasted with Xbal aid elec- 
iroptioresod through a 1% agarose gel T|ia S-Stcb Xbal fraoment coniatning tho respective mutaiion of 
pACa24 and pAC325 are isolated as previously described- The plasmid pBINIO is digested with )<bal and 
incitl>afed In a separate ligation reaction with the 5.5Kb Xbal fragment from pAC324 and pAC32S. TTte entire 
ligation mix is iransformed into B. coli XL-I cells and positive transformanis aro chosen ^a a bhio/white 
color seiodion on iB^bt platas (LB plates with too ugAii ampldllln. 00 ug/mi x-Ga| and 20mM iptq). &maH 

4Q scale plasmid preparalkNis. restrictkm digestkm analysis and agarosB gal electraphoresls to confirm poslUve 
iranaformants are performed as described previausty. Of ihe four pDINiO t>ascd plasmid constrndkins, 
pAC340-pAC340 (both orientations of the 5.5Kb Xbal fragment containing the TipS74->t^u substitution In 
pBIISjlO) and pAC35D-pAC351 (boih orfentatkms of the 5-5Kb Xbst fragment containing the Trp574 detetion 
in pBINIO), one construction from each respecUve miruition is diosan for trensformatiDn of tobacco. 

45 

(b) MobllUaUon or pAC34a - pAC361 Into Agrotmctanum 

Ihe ptasmid pRK20i3 Is a canlugative plasrmd (hat centals trans acting sequences required to 
mobfliee pBINIO tused cooslnjclkyie from E- ooff Into the disarmed AgrobactBrkim strain, LBA4404 

M (PAL4404). This Agrobactarjum strain is rasi^ctant to ^trepfemycin end contains the disarmed Ti plasmid 
pAL4404 (f^loms et aL, F*lBsmid 7: 15-20, 1082). This Tl plasmkt contributes the transacting viniler)ca 
tunciions necessary lo fadlitala transfer of the pBlN19 based T-DNA region into ihe clrromosome of 
tobaixio. The triparental mating of the pBINiO based vectors, the conjugalive plasmid (pRIC20l3>. and the 
Agrobacterium strain (LBA44Q4), are carried out essantially as descriljed fay Bevan (NucL Adds Bas. 12: 

ss 0711^721, 1084. The plasmids pAC34B-3Sl (Kan^) and pRK20l3 (Kan,) are transfomted rnio compeient E.. 
coli t IBlOi or XL-1 cells as described previously^ Transformants containing each plasmid are inoculated ' 
Into 3ml IB^ broth cultures and incubated at 37^ with constant stfaking. The Agrobacterium drain. 
LBA4404, is inocutfllfld into ABa^, media (20 k AB is 20g Nf140l« Og NgSOf-THsO. 3g KC1, 60g KzHPOi. 

0 
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200 NAH2P04 , 30 CaCla and SOnftfl FbSO»-7H20. Glucaaa is added to o ix slock la a firml ccmcenlration or 
0,5x) and tncutoM with consiam shaking a? 20^0 for 3Ma hr, JW& tripdrBntal matmg is InHialad tiy 
comblnirtO 1 ml of oach of the Utroa cultiiros (a pBJNIO tiased consirpci, pRK^Oia and tBA4404) into a 
filerlte lub^ and continuInQ incubalion ai 2GPC for l hr- The cu||ui« is concmitratod vra vacuum onto a 

6 0.4Su^ filtar and incubated ovarniQht ar a8"C on an NB plato (NO le of Pilco nutrient tvoih powder and 
10ml fif 1M Tris-HCI. pH 7.2). TTio Hilar js placed in Zml of fi«Gh AB madia nnd rolaled slowly lor 1 hr- A 
dilution series Is spread onto AB^nrtan pfa^s and incut>alfid at 2fl-C for 3-4 days. Only Aflrotoctari um - 
(5lrp^) canylno Ihe pBlNIO based confitruci (kan,) grow on Aft.,^ madia. SinQle colonies from AB.,^ 
plaios are inoculated info ABrtrpi«ir» brolh and incubated at 2a»C wflh constant sft^ing for awa f)r- THese 

ifl , cultures are rostroaked lo ABrtrn*art plates, mcubalod at 2ff*C for 3-4 days and stored at 4*C until uso. 

(c) Aqrobactarliim-MBdintod Trar^sformotlpn of Tobacco 

pAC34a and pAC3Sl are Inoculated inlo 50ml of ABit.„ and incut^ated wltti constani shaking at 20*C for 

le 3fl-4a hr. Bacteria are peHeied by cfintrifuoation at 2500 rpm lor 10 minutes m a Bamon/IEC labia top 
cenlrifyjoo. Ttio bacterial pallet is resuspended in 5ml of BAT media (OAT media is be MS sails (MurashlQa 
and Skoog. Plant Physiol. 16= 473-<e7. 1682) fx Bs vilamins (100k Bs Is lOmg myo-jnositol/ lOOmp 
nicotinic at^d. lOOmp of pyridoxine-HCl and lOOOmg Thiamine-HCl per 1 liler], 3% sucrose. GuM 6- 
tJenzyiaminopurlno at pH 5.7). Young greenhouse o^wn Wiscon&in 3S tobacco feaves are ctrt into 2 

20 longitudinal sactions and soaked in warm water containing hwy hand soap. The leaf sections are washed in 
storile distiiied water, soaked in a 10% Clorox + Twaen 20 soluUon for 10 minutes with sHrrlno and df*sed 
3x witr» ddHzO. Discs are cut from the leaf sections uSfng either a code borer or hole^unch. These discs are 
placed in a SOml hibe conraming tho rosuepended Aqrobacterium culture. The suspension is mixed flenily 
for 5' rv^inules and blotted onto a siarile paper lowel and cultured onto BAT media plates (100 x 20mm 

P5 plalos with approximately 10 discs per ptato). The plates are incubated at 25*C under fluoreacenr llghtklQ 
(or 4a|ir The discs are then transferred to selection media (BATCK: BAT media plus caibenicillin and 
kanamycjn) and returned to the initial incubation condilions until iho formation of shoots. Kanamycin 
resietatit shoots are transferred to OTCK (roofing) selection media (OJCK madia is BATCK media minus 
t>on2yli5>minopunne) m (QAT) Magenta boicas and Ihe previously described incubation condilions were 

3o conlinMad. \Amen kanamycin rosislanl shoots form an appreciable root system (at least 3 roots with fongths 
loooer than 1cm). the plants are translorred to soil, Bn'slly. tha agar based shoot is removed from the QA7 
boH. the agar is carehitiy washed away with warm tap water and the shoots are iransfen^d to meiromix in 
peat pors In GA7 vessels. The plants are placed In the greenhouse and allowed to harden off. A total of 5 
kanamycin resistant shoots containing pAC340 and 8 Kanamycin resistant shoots containing pAC350 are 

M iransfofred lo soil. Approxirr^ately 1 (H 4 days laler. the peat po|s are transplated lo larger pots. 



pACS^flTransfomwntJ': 


pAC351 Translomtant ^f: 


t)10-1 


1)10-1 


2)33^1 


2)^0-1 


3)33-2 


3)20-2 


4)4&-1 


4)20^ 


5)46-2 


5i 27-1 




6)27-2 




7)27-3 




0)30-1 




0)42-4 



" PCAMPtf IV 

Petenrmlnatfon and Charactertgatlon ol Mutants Conferring Hertilcido Resistance 

fio *HAS enzyme assay (leaf tissue) - Shorty after transfer to Iho oDBonhousa. extracts each of the 
kanamycin resistant transformants ere pmporod and assayed for insensltivity to the Irnktazolinone Pursuitoo 
herbra'de- Acolohydroxyadd synthase is extracted and assayed as described in the previous section. T^ 
kanamycin resistant iransformants (^1 and which contain the Tfp574->L^ substitution mutant allefci 
of the j\rabidopsls AHAS allele exlilbit ANAS activity in tha presence of Pursuit* horbfddo. In addition. _ 

10 



PAGE 8/35 • RCVD AT 3(2512004 2:52:35 PM [Eastern Standard Time] * SVR:USPT0-EFXRF-1/4 * DNIS:87293fl6 * CSID:9198fi22260 * DURATION (mni-ss):13-18 



MAR, -25'04(THU) 14:47 



TEL:9198622260 



P. 009 



EP0492113ASE 



AHAS acti^jly o( ens kan^mycin resistant daletfon iransfdrmant (10-1) extiibiis insansilivrty to Uie addition at 

Pur&uil* tiBfticrda (Rgura 7), This TrpG74 deloUon transtonnont is setied and backcro^sod to Wisccm^in 3G. 

Progeny tram 10-1 exhibit toffiranca to posf-efnergonca applicatiDrw of Pursurt® tiertjicida 4-aK Qreoiqr ttian 

VtnQ concantrstian loihal to control (otwco pianos, 
ff FiguT99 2(aHc) slww photograpNc comparisons of the phenotypoa of the crossas and conhuis 

c^scussod atMva. Thasa oti^mvatioas indicata inheriiancB of resietanca observod in tiie initial AHAS assay 

friim transfonmed leaf Ijssuo, and expression at this trail at tho whole plant levat. 

(n a more quanlitetivQ assay, eaad of sollod proQony of iho transQanic tobacco pt^t (10-1) ccsntaining 

Iha TrpS74 datation muiatioo of Arabidopa tg AHAS as wall as saads of the suscapiibfa paranlal ciHlhrv 
fd "VMsconsiO 38" w planlad in Metro Mix In Az^a pnts. The sasdiings are thInnBd to l|\o slnQla 

most viQQrous seedling after 2 days. Etsven days Vater. Ihase plants ara sprayed postemargence with 

Pursuit* at 0, 10, 2Qi 40. 60 and 160 g/ha. Five planter of aac:ti lotucco type (transgenic and (sontntl) are 

sprayed per herbicide rata. Twaan 20^ is added at 0.25 vA^ to tho herbtcida soiLUfons prior to spraying. 

11)0 tiarblckta Is appHed witti a laboratory belt sprayer at a rata of 400 IVha at a distanca IB" abova Itio 
16 plants with a bolt speed of fi.d secfrav and sprayer nozzta #0501 Plant helgtils are measured 1 . 3, and 

4 waek9 after treatmoni, plant fresfi weight data is collected at four and ona-tkalf weeks. 

The results of these sprayings ara dapfctod in Rgure 4- Tfie progeny data in tlie graph are pre&antad 

wi{h tha mast lolarant indhnduat first and (ho most susceptible indhnduai last for each harbickte rate. As can 

t>G seen from this graph and as would bo expoe^ad tmm a salfed progany of the original transgenic plant, 
so (ha progeny are segregating for herbicide toleranca. aoth suscepttMa progeny and individuals with varying 

degrees of herbiclda iQleranoa can bo obsen/ad. 

Tho plant fresh weights (g) and means for each heibicide i^a ara presented in Table 2 with tha mean 

fresh wefQhts (g) summarized below (Table i): 

2S TaWo 1 



Tobacco Mean FW: (5 reps each) 


Control 


Transgenic Progeny 


tiorbicide Rata: 


Og/ha 


52.1 


S3.7 


lOg/ha 


a.i 


30.4 


20 g/ha 


2.0 


2B.a 


40 g/ha 


o.a 


«>,9 


80 g/ha 


0.G 


26.5 


160 g/ha 


0.2 


21.4 



As can t>oon seen in this tablo, ihe salfed progeny of iho tranEganic tot>acoa plant (10-1) axhibii a high 
decree of tolerance Id Pur8iijt<ft applied postemerganca. Tho eueoaptibla paremal cultrvar does not display 
40 herftickte lolBranca at any of tha rates tostod- 

Seods rasullino tfom fransganic plant 10-1 are also assayed for rasislanca to tho imidazalinone 
Pursuit*. Seeds' are ptaied onto medium containing Pursuits at 0, 1^5, 2.5, 3.75. and 5.0 uM. Twenty 
ara ptared per peirt dish, wim two dishes per treatment. Herbicide toleranca of saadiings Is evaluatad 
after three weeks. Tho results of the S.o rraatrr>ent is presented in Tift^le 2. Evan at the k>wast 
45 cor^conh^on (1^5 UM iroaitmenl). control plants exhibited lierbicidB sansitivity. Theea results illustraie 
inhoiilaru:^ of lha liertiicida reaislanl trail from parental plant 10-1 to its progeny. 



60 



65 



11 
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Tatil^2 



Rssults of tobacco seod 


Pursuits Conc^uM): S 


s- 


D 


n 


Progeny: 


W38 


20 


Q 


0 




(wild-type) 


20 


0 


0 




10-1 


7 




6 




3olfpct 


3 


11 


6 




10-1 xO 


11 


e 


0 






11 


0 


0 




0 X 10-1 


10 


8 


0 






0 


8 


0 



AHAa anryma assay in E. coH 

A^iAS ^fuyme assay (expression tn E. coH) - THo sire tjirectetj mulanls. pAC224 and pAC225. are 
sfi utiJiKetl as tamplalas for the g&(\QrQ\\of\ of an E-ooli uased expression system. ITia insensitivicy to herbicide 
(3 t&s\iM\ whnn ihe higher plant gena of inierosi is expressed in a bacieriai shBin dewoid of any endooenous 
AH AS activity. Tq Ihls end. the Nogl/Pstl fragment of wild type Arabidopsis AHAS (pACaoi), ihe TfpS74- 
IBU stibsmutjon (pAC224) and the Trp574 dolaHon (pAC225) are subcloned lolo ihe Mcoi/peti ajia of the E. 
oDii oxprassjon veclor. pKK233-2 (purchased froni Phgrmacia). TTiis expression pla»nkl c^onlalns an IPI"^ 
30 inducible promoiar as woN as a transcription lonminaiion sequence, ^oth regions surroMnd m Ncpl, Hindlll 
and P^l jinkor soquenco (hat allows proper oriontatfon of the oene of intei^ in relation to tho bacterial 
promolor. Subdoning and ligation of lha respectiva Nco(/Pstl fragmorls into Nco|/Ps|| dlQesled pKK233-2 
DNA (amp4c[Plin resistance) i? previou^ty describod. T?io ligation reaction f& transfomied into the E. cpii 
strain. MF2000 [ilvBOOOrmu-l, Bg132. ilvllS, thi-1. argES. RPSt^l. (ara-leu. IjvHI) flfiS. miM. xyf-S gatK2. 
3c lacYI. (recAjJ. 77*is bacterial sn^jn is devoid of endogenoMS AHAS adivHy, Tlterafore, Qrowth on a minimal 
media laddnQ isoleucino and valine (the ond products of amine acid biosymhelic pathway of which the 
AHAS enzyme is Involved) In an MF2000 strain hansfurmed with either pAC224 frrp674-l-eH) or pAC225 
fTrp dot) requires ihe exprosston and function of the Aiabidopajg gene in E, coll . Each at ttvs three 
constnictions complements MF200Q on agar media as well as In broth cullures. 
4(7 ^Ogle colonies of MF2000 containino alther the plasmki oonstiuction pACdiO. pAC224 or pAC225 are 
inocuf4ted into 3ml brnih cullurns of Ma3 minin^l media (amp) containing Ute amino acic^ arginine, leucine, 
tetJioucine and valine. [M63 is 30g KH:iPOf. 70g KaHPO^. 20g (NH»h80i». Smg FeSOk. lOOul or 1M 
MgSOf , 200u| thiamine- The glucose concantratipn is raised to 1^]. TTie cultures are Incut^ed overnight 
at 37*^: with constant shaking. The bacterial caUs are pelleted, resuspondod in several mis of Hfi3 (amp) 
45 supplo^nr^ented with arginina and leucine, btit lecKing isoieucina and valine (minus ilv media), TTio cells ace 
trar^inred to 10-50 ml of minus ihr media and constant shaking at 37**C was continued overnight- Tlie cells 
are pelleted and olthar used directly m AHAS en/yme assays or fro;en at -ZO^C imlil usa 

Tim extraction and assay for Arabidopsis AtiAS In bacterial cells is essentiaUy as do&crit>ed by Sinoh< 
et, at. (J, Chromatography 444: 251-261, 19BB). The bacterial pellet ts powered in fiqiA6 nitrogen and 
60 homogpnized in lOGmM potassium phosphate buffer (pH 7^) contalnlna lOmM pyruvate, 5mM magnesium 
chfori4f^, EmM N^-WTK lOQum flavin adenine diniideoUde (FAD), imM valine, imM leucine, iO%(vAr) 
glycerql and lOmM cysteine. TTie homogenale is filiered thrcuQh a nylon cloth (SSuM mesh) and 
centrihJiged at 2S4K» x g for 20 minutes. The swpemaiant fraction Is btoughl to 60% sahtraHon with respect 
to ammonium sulfale and allowed to stand for minutes on ice. The fvecipitala is pettelad via 

55 confrifngalion at 25,000 x q for 20 minuies. Tlie supernatant is discarded and the ammonium sulfate pellel 
IS used Immediately or frozen with llqukJ nitrogen and stored at -20PC until use. 

AHAS activfty In the fvesance or ab«^vce of herbldde is measured by ostHnalwn of the product, 
aceiolaptalo. aftor conversion by add docartMucylalion to aceioln. Standard reaction mbdures contain the 

12 
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on^nrva (and hwbicWo) in SOmM potassium phflgphalo buftor (pH 7jb) cpntaining lODmM sodium pyiuvate, 
lOmM maanfisium chtoiMfl, ImM iDiamind pyrophosphato (TPI*) and lOuM FAD. Thi6 mixture is mcubatfid 
ai 37«t: for 1 hr- Ttwj reaction is sioppaj wrih Iho ocMirton of sulfuric acid to make a finar concentratton of 
QM%. Tho fieactlon pro^^et is alMwad (o decflrtiairytate at e«y*C (or 15 mimiies. The 9C0toin fomiocj ^ 
s dei0rtninocl tiy incubating with creaUno (0.179t) and 1-naphtHol (1.7%) by me method of Westerfeld (J. Biol. 
Cham. 161; 495-502, IMS), Appropffaie checks of direct aceiotn formation during tho enzyma assays are 
mapld. 

VWId type Ai-abidops|s AHAS (pAC201) fs sansilivo to the Prnkfazoiinona hsrbiclda Pufsurt» and tho 
sul|pnylurea horbidde Glaanfl> whereas both the Trp574-Uu eubsiftution (pAC^) and Uio Trp£r74 deletion 

10 <()AC225) are insensitive to increasfna concentrations pf Pursu!|« herbicide (Rflure 4) and Glean* herbicide 
(n^Mfo 5). S4ifprlslnflly» the deloiion confers a level of tn&en&itivity to these heiticldes whfcti is equivalent or 
oreaier than that or the corresponding substiiuilon. "nwefore. deletion of the Trp574 rastdue of the 
Araliidoftsia AHAS coding region fosulls in a funcifonaf form the enzyme tliai Is Insensitive to the addition 
of althar of two unrelated herbfddes cap^^sle pf inhfbiting the wild type form of the enzyme. 

« The prtx»duras noted atiove are also used 10 create substitution of an asparagine for a aerine at 
position esa, as wpli as a deloiion at this position. Plasmlds containing the subsiltution (pAC22&) or tho 
deletion <pAC2^) are transformed Into E coN MF?000 ar>d AHAS activity of delation and substitution 
mutants in If^o presence o| herbicides Pursuit^ end Glear** is detemilned lor each as described above. Tlio 
AH^iS (H-odiiced by substitution of asparaglne for serine Is insensitive |o inhibition by Pursuit* (Rgure a) Bs 

so pre^/lously repoded (Sathasivan et. al. supra ), but sensitivity Iq Qlean* was only aRghtly reduced (about 
10%) as compared with the wikFtypo enzyme (Figuro 7). In controsr. tho AHAS produced by tho Sorttsa 
deletion is highly resistant to inhibition by both Pursull« and Glewi* (Figures 6 and 7). 

DEPOSIT OF Qiai^GICAi. MATERlAt^ 

as 

Tlie follQwing microoroanisms were deposited with the American Type Culture Collection, 12301 
ParKlawn Drive. RocKville. Maryland, 20057, on December e, 1690, and given accession numbers as 
follows: 



Microorganism 


Accession No. 


AgrobBcterium strain I-DA4404 harljorina pAC351 rAflro/351) fTfp574 dsletionl 
Agrobacteriiim strain IBA4404 l^arboring pissmid pAC324 fSeitiSa deletion) 


e&4fio 



3S 



SO 



6fi 
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w 



2P 



25 



30 



3$ 



40 



-45 



60 



Q^qUAUca No*; 1 
So^nAoncA i^ypas Amino Acid 
daqqapea Length: £70 Amino Acids 
etrandodnoss: Olngla 
Topology: Llnttar 

original Bouroa organiam: Arabidopala 
Propertiaa: acetohyaroxyaoid aynthaaa anayma 



Mat Ala Ala Ala THr Tlir Tlir Thr ThJC Thr Bar Bar 
I * 10 

flar lie 6ar Flie Bar Tbr l.ya Pro Bar Fro Bar Bar 
15 20 

Bar tiya Bar Pro tau pro 11a Bar Ar^ Pha Bar [•an 
2S 30 35 

Pro Pho Bar Lau Aan Pro Aan Xiyo Bar Bar Bar aar 

40 45 

Bar Arg Arg Arg oly lla Lya Bar Bar flar Pro Bar 

so 55 60 

Bar lla Bar Ala Val Lou Aan Tbr THr Tbr Asn Val 

65 70 

Tbr Thr Thr Pro Bar Pro Thr l.ya Pro Thr Lyo Pro 
75 60 

aXu Thr Pha lla Bar Arg Lau Ala Pro Aap Oln Pro 

90 «5 

Ar^ Lys dly Ala Aap lla Leu Val 6lu Ala Lau alu 
100 10$ 

Arg Qln Gly Val Olu Thr Val Pha Ala Tyr Pro GXy 
110 115 120 

Gly Ala Bar Hat Glu lla Bis Gin Ala i:*eu Thr Arg 
125 130 

Bar Bar ser lie Arg Aan val Lau Pro Arg Hie aiu 



135 



140 



□in 
145 



Gly 



Gly 



Val Plia Ala Ala 
150 



GlU 



Glj 



Tyr AlA Arg 

155 
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m 



20 



ear 8»r Qly Lya Pro Oly Ha Cyo Zlm Ala THr Ser 

GXy Pro aiy Ala THr Aan Lau V4l 0«r Oly Lau Ala 
170 i7S too 

Aap Ala I»au Iiau Aap 6«r Val Pro Val Ala Ila 

185 190 

THr Qly Gin Val Pro Arg Arg Kat xla Qly Tlur Asp 

195 20D 

Ala Pba Gin gXu Tlir ^ro iia Vai aiu val Tbr Arg 

205 tXO 2X5 

Bar Ila THr l-ya Hla Aan Tyr Lau Val Kat Aap Val 
320 aas 

Glu Aap Ila Pro Arg Ila ila Glu aiu Ala Plia pna 
290 23£ 240 

Lau Ala rtbT sar Gly ]lrg Pro Cly Pro val l.au Val 

Aap val Pro Lya Aap Ila Gin Gin oln i.au Ala Ila 
255 2«0 

^ Fro ^an Trp Glu am Ala Hat lirg Lau Pro Gly Tyr 

265 270 275 

Hat Bar Arg Mat Pro Lya Pro Pro Glu Aap Bar Hia 
260 285 

Lau Glu Gin Ila val Arg Lau Ila Bar Glu Bar Lya 

29a 295 300 

Lya Pro val Lou rryr val Gly Gly Gly cya Lau Asn 

40 . 305 310 

0ar Bar Aap Glu Lau Gly Arg Pba Val Qlu Iiau Tbt: 
31S 320 

45 <^lY Xla Pro Val Ala Oar a*hr Lau Mat Gly Gly 

325 330 335 

ser Tyr pro cya Aap Aap Glu Lau Bar Lau Ula Met 

340 345 



CO 



GG 



Lau Gly Kat Bla Gly Tlir Vai Tyr Ala Aan Tyr Ala 

350 355 3«0 

Val Glu Hia ear Aap Leu Lau Lau Alji Pbo Gly Vai 

365 . 370 



15 
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10 



»rg PHo Aap Aap Arq Val Thr aXy tya Lau Qiu AXa 
375 aeo 

Ph« AIA 8«r Ar? Ala Lys xxa vaX Eia IXo Aap XXo 

395 390 3ft9 

Aap fler Ala flXu Ilo Gly l.ya Aqn t.ya Thr Pro His 
400 405 

vaX aar val Cye Gly Aap VaX Lys Lmu Ala Lau oxo 

4X0 4X5 420 

dXy Mat Asn Lya VaX Iiau QXu Aan Arg AXa aXu axu 

425 430 

Lau Lya Lau Aap Pba gXy val Trp Arg Aaa GXu Lau 
435 440 

Xaa Val Gin Lya Qin Lya Pha Pro Lau Bar Pha Lya 

445 450 455 

Thr Fha Oly aXu AXa XXa Pro Pro OXl Tyr Ala Xlo 
460 465 

Lya Val Lau Aap GXu Lau Tbr Aap Qly Lya AXa rla 
470 475 400 

Ilo Bar Thr GXy vaX oxy cm Hie axn Wat Trp AXa 

485 490 
Ala Glp pha Tyr Asa Tyr Lya Lya Pro Arg QXn Trp 

495 500 

Lau aar aar GXy Gly Leu GXy AXa Nat Gly Ptia Gly 

505 5X0 515 

Lau Pro AXa AXa XXa GXy AXa 0ar VaX Ala Aan Pro 

520 535 

Aap AXa XXa val vaX Aap XXa Asp Gly Aap GXy oar 

530 535 540 

Pha XXa Hat Aan VaX aXn GXu Lau Ala Thr XXa Arg 

545 550 

val Glu Aaa Lau pro val Lya VaX Lau Lau Lau Aan 
555 560 

Aan Gin Hi a Lau GXy Hat vai Hat am Trp GXu Asp 

565 570 575 

Arg Phe Tyr Lya Ala Aan Arg AX* Hia Thr Pha Lau 
5G0 585 



40 
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aly A«p pro a1« am Olu Aap oiu xi9 wtkm Pro Aaa 

E 590 595 eOO 

Met Leu Leu pne AXa Ale Al« Cyo Oly Ilo pro Ala 

10 AXft Arg val Thr hja i,ya Ala Aa^ Lau Arg Glu Ala 

615 620 

Xla ain Thr Hat Lau Aap Thr Pro Gly Pro Tyr Lau 
«35 630 635 



f6 



20 



Lau Aep val Xla Cya Pro Ria Gin Olu Hla Val Lau 
640 646 

Pro Mat Xla Pro Bar Gly aly Thr PDa Aan Aap val 

650 655 660 

Xla Thr Glu Gly Aap Gly A^g Xla Lya Tyr 
fi65 670 



45 



SO 
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Qaquonce ID Ho. ; 2 
0oc|UOQca Typ«: Huclaic Acid 
^oquance tangtli: 2,$2« Baa* Paira 
ptrondatlnasg; aingXe 
Topology: tilnaar 

priglnal Sourca organlan: Arabidopsis 

proparties; gana ancoding acatoliydrovyBold ayntbaao 
ansywa 







QAAAGAAAGA 


Xl^ AA f X XUA * 




40 


so 


accACjguiTT 


CTACATTTAG 






BO 


pXXTCACSAAA IFXCAATMIkT 






120 




:^CG1?GAGTTT 


TATCTATAAA 




AAAATCAAAT 


160 




CCCGAGSGCA 


TTTTCGTAAT 


CCAACA7AAA 


ACCCTTAAAC 


2 0 o 




TTCAAGTCTC 


ATTTtTAJiKC 


AAATCATGTT 


CACAAOTCTC 


240 


30 


TTCTTCTTCT 


CTGTTTCTCT 


ATCTCTTGCt 


CATCTTTCTC 


280 


CTGAAOCXTG 


QCGGCGGCAA 


CAACAACAAC 


AACAACATCT 


320 




TCTTCGATCT 


GCTTCTCCAC 


CAAACCATCT 


CCT7CCTCGT 


360 


36 


CCAAATCACC 


ATTACCAATC 


TCCAGAT^CT 


CCCTCCCATT 


400 




CTGCCTAAAC 


CCCAXCAAAT 


CAl^CTCCTC 


CTCCCaCCGC , 


440 


40 


CGCGGTATCX AATCCAGCtC 


TCCCTCCTCC 


ATCTCeOCCG 


400 


7GCTCAACAC AACCACCAAT 


GTCACAXCCA 


CTCCCTCrrCC 


520 




AACCAAACCT 


AGCA»<^CCQ 


AAACJkTTCAT 


CTCCCQATTG 


560 


4$ 


dCTCCAGATC 


AJUSCCCGGAA 


AGOCGCTGAT 


ATCCTCG9CG 


600 




AAGCTTTAGA 


ACGTCAAGQC 


GTAGAAACCG 


TATTCGCtTA 


640 




CCCrMGAGGT 


GCATCAATGG 


AGATTCACCA 


AGCATAACC 


6Ba 


bQ 


CGCTCTTCOT 


CAATCCGTAA 


cgtccttcct 


COTCACGMC 


720 




AAGQAOGTGT 


ATTCOCAGCA 


GAJ^GGXTACG 


CTCGATCC^C 


760 


BS 


AOGTAAACCA 


GGTATCTGTA 


TAGCCACTTC 


AGGTCGCGGA 


aoo 
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QCTACAXATC TCGTTAGCGG ATTAflCCGAT GCGTTGTTAG 840 

ATAaTOTTCC TCTTQTAGCA A^rCACAGGAC AAGTCCCTCG BBO 

TCOTAVGJ^TT QOTACAGATG CGTTTCAAOA GACTCCGATT d^O 

GI^GAQGTAA CGCOTI^CGAT TACGAAGCAT AACTATCTTG 960 

TGATGGATGT VGAAGATATC CCTAQQATI'A TTGAGOAAGC 1000 

TTTCTTTTTA GCTACTTCTG GTAOACCTGG ACCTGTTTTG 1040 

GTTGATGTTC CTAAAGATAt TCAACAACAG CTTGCQATTC 1080 

CTAATTGQQA ACAGGCTAVG AGATTACCTG GTTATATGTC 1120 

TAGGATGCCT AAACCTCCGG AAGAfTTCTCA TTTGQAQCAG 11«0 

ATTGTTAGQT TOATTTCTQA QTCTAAGAAQ GCTGTGTT6T 1200 

ATGTTGGTGG TGGTTGTTTG AATTCTAGCG ATGAA7TGGG 1240 

TAGGTTTGfp^ GAGCTTACGG QOATCCCTGT TOCGAGTACQ 1280 

TtGATGGGGC TGGGATCTTA TCCTTGTGAT GATOAOlTTGT 1320 

CGTTACATAT GCTVGQAATG CATGGGACTG ^rGTATOCJUUt 1360 

TTACGCTGTG GAQCJiTAGTG ATTTGTTGT7 GGCGTTTGGG 1400 

GTAAGGTTTG ATGATCGTGT CAOGGGTAAG CTtQMQCTS 1440 

T'TGCTAGTAG GGCTAAGATT GTTCATATTG ATATTGACTC 1400 

GGCTQAGATT GGGAAGAATA AQACTCCTCA TGTGTCTGTG 1520 

TGTGGTGATG TTAAaCfOGC TTTGCAAOGO ATGAATAAGG 1560 

TTOVraAOAA CCGAGCGGAG GAGCTTAAGC TTGATT7TGG 1600 

AGTTTGGAGa AATOAGTTGA ACGTACAGAA ACAGAAGTO9 16 40 

CCGTTGAGCT TTAAGACGTT TGaaOAAGCT ATTCCTCCAC 1680 

AGTATGCGAT TAAGGTCCTT GATOACTTGA CTGATGGAAA 1720 

]IGCCATAATA AGTACTGGTG TCGOGCAACA TCAAXTGTGG 1760 

GCGGCGCAGT TCTACAATTA CAAGAAACCA AQGCAaTGOCS 1800 

TATCATCAGG AGGCCrrOGA GCTATGGGAT TTGGACl-TCC 1040 

tGClTGCGATT GGAGCGTCTG TTGCTAACCC ITOATGCaATA lOOO 



ID 
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TTGACqaAGA 


TGGAAGCTTT ATAATGAATG 


1920 






AQCCACTATT 


CQTGTAGAOA 


ATCTTCCAGT 






GMGOTJkCYf 


TTATTAAACA 


ACCAGCATCT 


TGGCATGGTT 


2000 


to 




XAGATCGGTT 


C7ACAAAGCT 


AACCGAGCTC 


2040 








GCTCAGGAGG 


ACGAGATATT 


20BO 






^ X U W X U X X X u 


tiAOCAGCTTG 


CGGGATTCCA 


2120 








AGCAGATCTC 


CGAQAAQCTA 


2160 








CCAGGACCTT 


ACCTGTTGOA 


2200 


SO 




CCGCACCAAQ 


AACATGTGTT 


GCCQAraAVG 


22 40 




OCACTTTCAA 


CGATGTGAtA 


ACGGAAGGAG 


22B0 




ATOGCCQQAT 


TAAATACTGA 


QAQAtOAAAC 


CGGTGATTAV 


2320 


US 




TATGGTCTTT 


GfATGCATAT 


GGTAAXAAAA 


2360 




CTTAOTTTQC 


AATTTCCTGT 


ttgtti^tggt 


AATTTOAGTT 


2400 


HO 


TCTTTTAQTT 


GTTGATCIJGC 


CTQCTTTWQ 


GTTTACQTCA 


2440 


GACTACTACT 


GCTGTTQTTG 


TTTGGTTTCC 


TTTCTTTCAT 


24B0 




TTTTATAAATA 


AATAATCCGG 


TtcaQTTTAC 


TCCTTOTGAC 


2&20 


36 


TQQCtC 








2526 



40 ClBima 

1- A irnptliPd for pxpres^ing an horblcldo r&sistaht ah AS enzyma in a host call cpmpnsing tronsfomifna 
ihei tiost cBir vriUi B nucleic acid soquonco enooding a functionBl AHAS enzyme, wtiich enzymo has an 
amino vi^^ sequence dirfaring from a wild-type AHAS sequence in having at least pro amino acid 
45 delation that confers herbicida fesislanca id tho enzyme* and culturinQ the hP3t celt under oonditk^ns 
peiTTHttins expression of the enzyme. 

2. Th*9 mothod of Claim l in which o deletion i9 present in a conserved region of the ANAS sequence. 

50 a. The n>filhod of any of Claims 1-2 in whfch e derotion has occurred in a region of ihe wild type ah AS 
&ec]uence Ar^ldopsia selected from the group consistino ol amino adds 110-122, 104-107, 20i-2Qa. 
SH^asT, 343-35;), 373-377. 569-570. find 650-653. or the homologous reflions ie a diflerent spocios- 

i|. The melhod ot Claims 1-3 rn which tha deimion occurs at at least one position selected from the group 
cs corisistino o| amino acids 121 , 122, 197, 2Q5. 256. 351, 376. 571, S74, 578 and 6S3- 

5. Th» method of eny at CMme M in which resistance is to at least one herbicide selected from the 
groiip consisting of an imidazollnone, o sulfonylurea and e tnazDlopyrimkline. 
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6. TTio molhod of any of Claims 1-5 in which the hosi colt '0 a plont coll. 

7. The msihod o\ Claim 6 in which ttiB u^nstarm^ plant coll is rfioanararsd to a mature plant axprBssjng 
en ti^rtiicjda rasisfanl phanolype. 

B. A mAirKxJ tor pro^ycino a vector usaful in cantornng lierblclde resistance lo a hosf coll cdmprising 
ligating Into an approprlato vector a nuclajc acid sequonce enccxlina a functional AHAS on^cymo, which 
onzyma has an arnjno acid saqueoce difforing from a wild type AHAS in having at loasi one amino acjd 
daiBiion that conlors t^rbicide re&ietanco jo tho enzytno- 

m 

a. A melhod for conferring hartiicldo r^tetance to a plant cell which compnsas provldJoQ the plant coll 
wiih a nuclafc acid saquBnca encoding a funclional AHAS enzyme, which enzyme has an amino acid 
sequence diffaring from a wil4 type AHAS sequence In having al least one omlno acid delation thai 
confers herMckte resistance to the enzyme. 

ID. A method for growing hertifcido resistant pfanis which comprises cultivating a plant which produces a 
functional AHAS enzyme with an amine ac^ sequence differing trom a wild type AHAS sequence in 
having at laa^ one amirto actd deletion that confers herttidde resistance lo the enzyme, in tho 
presense of an inhibitory amount of the hert^clde- 

11. A meihod of selecting host cajls successfully transformed wilh a gene or interest whicli comprise? 
providing to prospective t>ost celts the gene of intore&t linked to a nucleic acid saquonce encoding a 
iunctional AHAS enzyme, which enzyme has an amino ackt sequence differing from a wild-rype AliAS 
soqiionco in havltH) ai least one amino acid deletion Itiat confere herbicide resisstance to ttte pm:yme, 
2& and culttiring tho host cell uodor conditions pemtittlng expression of the en2yme, o^wing the cells in 
the presence or an inhibitory amount of a ti^rbicide, and identifying surviving cells as containing the 
(]Qne of interest- 
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Hot AXa Ala Ala Thr Thr Thr Thr Thr Thr Ber Ser 
15 XO 

Ser lie Ser Phe Ser Thr Lys Pro Ser Pro £?Br Ser 
15 20 

Ser Lys Ser Pro Leu Pro He ser Arg Phe Ser Leu 
25 30 35 

Pro Phe Ser Leu Asn Pro Aen Ly& Ser S01: ser ser 
40 45 

Ser Arg Arg Arg Gly lie Ly© Ser ser Ser Pro Ser 
50 55 €0 

Ser lie Ser Ala Val Leu Abu Thr Thr Thr Asn val 
65 70 

Thr Thr Thr Pro Ser Pro Thr Lys pro Thr tys Pro 

75 ao 

aiu Thr Phe He Ser Arg Leu Ala pro Asp Gin Pro 

90 95 



Arg Lys Gly Ala Asp He Leu Val Glu Ala Leu Glu 
100 105 



Arg Gin Gly Val Glu Thr Val Phe Ala Tyr 
110 115 



Pro Gly 
lao 



(Giy)^la; ser Met Glu He His Gin Ala Leu Thr Arg 
^ 125 130 



Ser Ser Ser He Arg Asn Val Leu pro Arg His Glu 
135 140 

Gin Gly Gly Val Phe Ala Ala Glu Gly Tyr Ala Arg 
145 150 155 

ser Ser Gly Lys Pro Gly He Cya He Ala Thr Ser 
160 165 

Gly Pro Gly Ala Thr Aen Leu Val Ser Gly Leu Ala 

170 175 lao 

Aep Ala Leu Leu Asp Ser Val Pro Leu val Ala He 
las 190 



Thr I Gly Gin val (Pr^Arg Arg Met] He Gly Thr Asp 
L — ^ ' ^ 200^ ~~ 



igjPhe Gin Glu khr Pro He Val Glu Val Thr Arg 

— =i 1 215 



210 



FIG.Ia(i) 
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Ser He Thr Lye Ifio hsn Tyr I-eu Val Met Asp Val 

220 225 

Glu Asp lie Pro Arg He He Glu Gin Ala Phe Phe 

230 235 240 



l^en Ala Thr Bar Gly Arg Pro dly Pro Val Leu Val 

245 250 



h^p Val Pro (^ys) Asp 
abb 



lie Gin Gin Gin t-eu Ala llu 
260 



Pro Aen Trp Glu Gin Ala Mat Arg Leu Pro Gly Tyr 

265 270 275 

Het fier Arg Met pro Lye Pro Pro Glu Asp Ser His 
280 285 

Leu Glu Gin He Val Arg Leu He Ser Glu Ser Lye 
290 295 300 

Lye Pro Val Leu Tyr Val Gly Gly Gly Cys Leu Asn 
306 310 

Ser Ser Asp Glu Leu Gly Arg val Glu Leu Thr 
31S 320 

Gly He Pro Val Ala Ser Thr Leu Met Gly Leu Gly 
325 330 335 

Ser Tyr pro crye Aep Asp Glu Leu fior Lou His [ Met 



340 



345 



Leu Gly (jjeQ His Glyl Thr Val Tyr Ala Asn Tyr A 

3501^ ' 355 3 



Ala 
160 



Val Glu Hie Ser Aap Leu Leu Leu Ala Phe Gly Val 
365 370 



[Arg Phe Aag&gg>Ar i] Val Thr Gly Lys 



Leu Glu Ala 



Pho Ala ser Arg Ala Lye He Val His He Asp Ho 
385 

Aap Ser Ala Glu He Gly Lys Asn Lye Thr Pro His 
400 405 

val Ser Val Cye Gly Asp Val Lye Leu Ala Leu Gin 
410 415 420 

Gly Ket Asn Lys Val Leu Glu Asn Arg Ala Glu Glu 
^ 425 430 



FIG.Iadi) 
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Leu LyB Leu Asp Phe Gly VaX Trp hrg Aen Glu Leu 
435 440 

Asn Val Gin Lys Gin Lys phe pro Leu Ser Phe Lyfi 
445 450 455 

Thr Phe Gly Glu Ala lie Pro Pro Gin Tyr Ala He 
460 465 



Lye Val Leu Asp Glu Leu Tbr Asp Gly Lys Ala He 
470 475 4B0 

He Ser Thr Gly val Gly Gin Hie Gin Het Trp Ala 
405 490 

Ala Gin Phe Tyr Asn Tyr Lye Lys Pro Arg Gin Trp 
495 500 

Leu sor sor Gly Gly Leu Gly Ala Met Gly Phe Gly 
505 510 S15 

Lei4 pro Ala Ala He Gly Ala Ser Val Ala Asn Pro 
520 525 

Aep Ala tie Val Val Aep He Asp Gly Asp Gly Ser 

530 535 540 

Pho He Met Asn Val Gin Glu Leu Ala Thr Xle Arg 

545 550 

Val Glu Aen Leu Pro val Lye Val Leu Leu Leu Asn 
555 560 



Asn Gin His LeupGly M et (ga j) Hat Gin ^rg) Glu Asp 

565 SVO-"^ 575 



Arg (ghgl Tyr Lye Ala Asn Arg Ala Hifi Thr Phe Leu 

580 585 

Gly AGP pro Ala Gin Glu Aap Glu He Pho Pro Asn 
Sbo 595 6O0 

Met Lau Leu Phe Ala Ala Ala eye Gly He pro Ala 
605 GIO 

Ala Arg Val Thr Lys Lys Ala Asp Leu Arg Glu Ala 
615 620 

He Gin Thr Met Leu Asp Thr Pro Gly Pro Tyr Leu 
625 fi30 fi35 

Leu Asp Val He Cys Pre llLu Gin Glu His Val Leu 
64Q 645 



FI6.la(iii) 
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Pro [ Hat He Pro ^^ Cly GXy Thr Pha Asn Asp Val 



655 



lie Thr Glu Gly Asp Gly Arg lie Lys Tyr 
665 670 



660 



FIG.Ia(iiii) 
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NTWAAAHAAA GAAAGAAAGA TCAATTOJGAT AAATOTCTCA 
GCCACAAAW CTACyVTTTAG GCTTTAGCAT ArrCGAAGGCT 
CAATCACAAA TACAATAGAT AGACTAGAGA TTCCTAGCGTC 
APGTGAGTTT TATCTATAAA TAAAGGACCA AAAATCAAAT 
CCCGAGGGCA TTTTCGTAAT CCAACATAAA ACCCTTAAAC 
TTCAAGTCTC ATTTTTAAAC AAATCATGTT CACAAGTCTC 
T^FCTTCTTCT CTGTTTCTCT ATCTCTTGCT CATCTTTCTC 

CI'GAACCATG GCGGCGGCAA CAACAACAAC AACAACATCT 

T 

TCTTCGATCT CCTTCTCCAC CAAACCATCT CCTTCCTCCT 
CCAAATCACC ATTACCAATC TCCAGATTCT CCCTCCCATT 
crpCCCTAAAC CCCAACAAAT CATCCTCCTC CTVCCCGCCGC 
CGCG6TATGA AATCCAGCTTC TCCCTCCPCC ATCTCCGCCG 
TGCTCAACAC AACCACCAAT GTCACAACCA CTCCCTCTCC 
A/^CCAAACCT ACCAAACCCG AAACATTCAl? CTCCCGATTG 
GCTCCAGATC AACCCCGCAA AGGCGC^hT ATCCTCGTCG 

aagctttaga acgtcaaggc gtagaaaccg tattcgctta 
ccc^aghggt gcal^caatgg agattcacca agccttaacc 
cqctcttcct caatccgtaa cgtccttcct cgtcacgaac 
aaggaggtgt attcgcagca gaag6atacg ctcgatcctc 
aggtaaacca: ggtatctgta tagccacttc acgtcccgga 

GCTACAAATC TCGTTAGCGG ATTAGCCGAT GCGTTGfPTAG 
ATAGTGTTCC TCTTGTAGCA ATCACAGGAC AAGTCCCTCG 
TCGTATGATT GGTACAGATG CGTTTCAAGA GACTCCGATT 
GnrrCAGGTAA CGCGTTCGAT TACGAAGCAT AACTATCTTG 
TQATGGATGT TGAAGATATC CCTAGGATTA TTGAGGAAGC 
TTTCTTTTTA GCTACTTCTG GTAGACCTGG ACCTGrTTTG 
Gl^GATGTTC CTAAAGATAT TCAACAACAG CTTGCGATTC 
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CTAATTGGGA ACAGGCTATG AGATTACCTG GTTATATGTC 
TACGXTGCCT AAACCfTCCGG AAGATTCTCA TTTGGAGCAG 
ATTGTTAGGT TGATTTCTGA GTCTAAGAAG CCTGTGTTGT 
ATGTTGGTGG TGGTTGTTTG AATTCTAGCG ATGAATTGGG 
TAGGTOTGTO GAGCTTACGO GGATCCCTGT TGCGAGTACG 
TTGATGGGGC TGGGATCTTA TCCTTGTGAT GATGAGTTGT 
CGTTACATAT GCTTGGAATC CATGGGACTG TGTATGCAAA 
TTACGCTGTG GAGCATAGTG ATOT'GOTGTT GGCGTTTGGG 
GTAAGGTTTG ATGATCGTGT CACGGGTAA6 CTTCAGGCTT 
TTGCTAGTAG GGCTAAGATT GTTCATATOG ATATTGACTC 
GGCTGAGATT GGGAAGAATA AGACTCCTCA tGTGTCTGTG 
TGTGGTGATG TTAAGCTGGC TTTGCAAG6G ATGAATAAGG 
TTCTTGAGAA CCGAGCGGAG GAGCTTAAGC TTGATTTTGG 
AGfTTTGGAGG AATGAGTO3A ACGTACAGAA ACAGAAGTTT 
CCGTTGAGCT TTAAGACGTT TGGGGAAGCT ATTCCTCCAC 
AGTATGCGAT TAAGGTCCTT GATGAGTTGA CTGATGGAAA 
AGCCATAATA AGTACTGGTG TCGGGCAACA TCAAATGTGG 
GCGGCGCAGT TCTACAATTA CAAGAAACCA AGGCAGTGGC 
TATCATCAGG AGGCCTTGGA GCTATGGGAT TTGGACTTCC 
TGCTGCGATO GGAGCGTCTG TTGCTAACCC TGATGCGATA 
GTTGTGGATA TTGACGGAGA TGGAAGCTTT ATAATGAATG 
TGCAAGAGCT AGCCACTAOT CGTGTAGAGA ATCTTCCAGT 
GAAGGTACTT TTATTAAACA ACCAGCATCT TGGCATGGTT 
ATGCAATGGG AAGATCGGTT CTACAAAGCT AACCGAGCTC 
ACACATTTCT CGGGGATCCG GCTCAGGAGG ACGAGATATT 
CCCGAACATG TTGCTGTTTG CAGCAGCTTG CGGGATTCCA 
GCGGCGAGGG TGACAAAGAA AGCA6ATCTC CGAGAAGCTA 
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'rl'CAGACAAT GCTGGATACA CCAGGACCTT ACCTGTTGGA 
TGTGATTT6T CCGCACCAAG AACATGTGTT GCCGATCATC 
CCGAGTGGlra GCACTTTCAA CGATGTCATA ACGGAAGGAG 
ATGGCCG6AT TAAATACTGA GAGATGAAAC CQGTGATTAT 
CAGAACCTTT TATCGTCTTT GTATGCATAT GGTAAAAAAA 
CTTAGTTTGC AATTTCCTGT ITGTTTQpGGT AATTTGAGTT 
TCTTTTAGTT GTTGATCTGC CTGCTTTTTG GTTTACGTCA 
CIACTACTACT GCTGTTGTTG TTTGGTTTCC TTTCTTTCAT 
TTTATAAATA AATAATCCGG TTCGGTTTAC TCCTTGTGAC 
TGGCTC 
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